The rate of absorption of D-glucose and L-histidine from the entire small intestine of the rat when measured by an intubation technique was not affected by infestation with the nematode Nippostrongylu8 muris. On the other hand, absorption of D-glucose from the infested jejunum when measured in vivo by a perfusion technique was severely reduced. The rate of gastric emptying was not affected by the infestation. There was a direct relationship between gastric emptying and the rate of absorption of glucose.
I. INTRODUCTION
References to indirect methods of measuring absorption from animals infested with intestinal nematodes have been given in Part III of this series (Symons 1960b) . Measurements of fluxes across the jejunum of rats infested with Nippostrongylu8 muris (Yokogawa, 1920) reported in that paper showed clearly that there is a reduced ability to absorb sodium and chloride from the infested section of the intestine. Curran and Solomon (1957) have shown a relationship between sodium and water movement, but it could not be assumed that absorption of other substances was linked to similar mechanisms, or that derangement of one was necessarily true of another. Furthermore, the earlier experiments did not measure absorption from the small intestine as a whole.
Glucose is an end-product of carbohydrate digestion and histidine might be taken as one of the end-products of protein digestion. A knowledge of the absorption of these substances as part of the chain in the utilization of the products of digestion was therefore considered to be an important aspect of this investigation.
Glucose and histidine were used to determine directly whether absorption from the whole small intestine was affected by the infestation, while glucose alone was used to estimate the rate of absorption from the jejunum. The rate of gastric emptying and its correlation with the rate of absorption from the small intestine were also estimated.
II. METHODS

(a) Absorption from the Entire Small Intestine
Infestations were produced as described by Symons (1957) . The rats used weighed between 120-190 g. They were fasted overnight.
(i) Glucose Absorption.-The rats were fed 2 ml of a warm 1M solution of n-glucose by stomach tube under light ether anaesthesia. They were returned to their cage for 40 min and were then killed by bleeding under anaesthesia. The gastro-intestinal tract was removed after ligaturing the oesophagus, pylorus, and ileo-caecal junction.
The isolated stomach and small intestine were opened separately into distilled water in 250-ml measuring cylinders which were shaken to free all glucose. The organs were then removed from the cylinders which were filled to 250 ml.
The protein was precipitated from 1-ml duplicate samples of the diluted contents with 2 ml 0·3N Ba(OH)2 and 2 ml 5 per cent. ZnS04. After filtering, the glucose concentration was estimated by the Nelson-Somogyi method (Nelson 1944) . The weight of glucose fed was estimated by diluting the 2 ml delivered by the syringe and stomach tube to 1 litre. Aliquots were then treated as before.
The large bowel was discarded as it had previously been determined that no glucose entered this organ in 40 min in either normal or infested rats. The residual glucose in the stomach and small intestine after fasting was found to be negligible which is in agreement with the results of Heller (1954) .
(ii) Histidine Absorption.-Unanaesthetized rats were fed a warm solution containing 150-180 mg of L-histidine monohydrochloride using the gagging device of Gillespie and Lucas (1957) . Subsequent treatment was the same as for glucose absorption except that gastro-intestinal contents were diluted to either 500 or 1000 ml. Residual histidine after fasting was found to be significant and was taken into account in the calculations of the weight absorbed. The large bowel was discarded for the same reason as for glucose.
Histidine was estimated from 5-ml aliquots of the diluted and filtered contents by the method of Macpherson (1946) , as modified by Birt and Hird (1956) .
(b) Absorption of Glucose in vivo from the Jejunum
The method used was identical with the perfusion technique described by Symons (1960b) for the measurement of water and electrolyte fluxes. A 0·25M solution of n-glucose in Krebs-Henseleit bicarbonate buffer (Umbreit, Burris, and Stauffer 1949) was perfused for three periods of 15 min in each rat. The concentration of glucose in the perfusing fluid and the perfusate was estimated in duplicate by the Nelson-Somogyi method (Nelson 1944 ) after dilution to 1 in 50 or 1 in 100.
The possible presence of "endogenous glucose" which might have entered the lumen of the loop during perfusion was tested by perfusing as before with the bicarbonate buffer alone, in both normal and infested rats.
The rate of absorption was expressed as m-moles(hr(g of dry mucosal tissue and as /-tmoles(hr(cm of intestinal loop.
III. RESULTS
(a) Absorption from the Entire Small Intestine
(i) Glucose Absorption.-The results, expressed as the weight of glucose absorbed in 40 min by 11 normal and 10 infested rats, together with the body weights and worm counts are set out in Table 1 . There was no significant difference between the normal and infested rats which absorbed 181 ± 42 mg and 200 ± 20 mg glucose respectively.
Absorption was expressed in this manner rather than by the more familiar coefficient of absorption of Cori (1925) , which relates the weight absorbed per hour to 100 g body weight, as Fenton (1945) could not confirm that absorption was constant with time and linearly correlated with body weight. Rats of similar body weight were used to avoid any possible confusion by this factor and, in fact, the means of the body weights of both the normal and infested rats were 161 g. The worm burdens for all but one rat were considered to be heavy. Table 2 is set out the residual histidine in the stomach and small intestine of 5 normal and 5 infested rats after fasting overnight. This was regarded as negligible for the stomachs of both groups. On the other hand, approximately 2 and 3 mg, respectively, were found to remain in the small intestines of the normal and infested rats and were deducted from the appropriate recoveries from the experimental animals.
The weights of histidine monohydrochloride absorbed in 40 min by 9 normal and 11 infested rats are shown in Table 3 from which it can be seen that 120 ± 10 mg and 114 ± 21 mg were absorbed by the normal and infested rats respectively.
These values are not significantly different.
No explanation can be offered for the fact that the amounts absorbed by two of the infested rats were markedly lower than the mean. One of these (70 mg per 40 min) was very heavily infested (2000 worms) while the other (88 mg per 40 min) was moderately infested (900 worms). On the other hand, rats almost as heavily infested as the first of these two absorbed histidine as readily as the non-infested or other moderately infested animals. As can be seen from Table 3 the infestations were again mostly heavy.
(iii) Rates of Gastric Emptying and of Absorption.-As the weights of both glucose and histidine leaving the stomach in 40 min could be measured, it was possible to calculate the percentage of the weight fed which left the stomach and its possible relationship with the subsequent rate of absorption. In Table 4 is shown the percentage of the weight fed which entered the small intestine for both glucose and histidine in normal and infested rats. The rates were 62·8 ± 12·2 per cent. and 71·7 ± 11·2 per cent. respectively for glucose and 86·9 ± 3·7 per cent. and 89 ·8 ± 7 ·5 per cent. for histidine.
As there was no significant difference between the gastric emptying rates of the normal and infested rats for either of the substances tested, the results of the two groups were combined in both instances to calculate the relationship between the gastric emptying rate and absorption. There was a highly significant positive correlation between the rate of entry into the small intestine and absorption of glucose (P<O ·001), but not of histidine. This correlation between gastric emptying and glucose absorption agrees with the finding of Birchall, Fenton, and Pierce (1946) and Reynell and Spray (1956) .
(b) Glucose Absorption in vivo from the Jejunum
The original experiment used six rats in both the infested and control groups, but as the variation between rats, in fact even the variation between perfusion periods in one rat, was often large, it was thought that a fault in the technique of glucose estimation may have been responsible. Fullerton and Parsons (1956) , who also perfused small intestines in vivo, commented on the marked variation between rats. Another six rats in each group were used and a small modification made in the technique. An analysis of variance which was made upon these two collections of data revealed that the variation between the two experiments was in fact smaller than the variation between rats. Furthermore, the variation between infested and normal groups was greater than the variation between rats. Therefore, the two experiments were pooled to arrive at the final rates of absorption which were 
then the mean values for 12 rats each. These are shown in Table 5 and indicate clearly that the rate of absorption per gram dry mucosal tissue per hour from the jejunum of infested animals is reduced to about a quarter or a fifth of that in the normal rat.
This can be compared with the rate of efflux of sodium which was reduced to a third of the normal rate in the earlier experiment (Symons 1960b) . Also included in Table 5 are the rates of absorption expressed as p.moles per centimetre length of the jejunal loops. The reasons for expressing the rates in these two terms has already been discussed in Part II (Symons 1960a) . It shows that the greater surface area per centimetre of infested intestine partly compensates for the lower rate of absorption per unit of mucosal tissue.
These results can be compared with those of Fullerton and Parsons (1956) who perfused the intestine by means of a recirculating unit with various concen· trations of glucose in bicarbonate buffer. It has been estimated by Symons (1960a) that in normal rats the dry jejunal tissue weighs 0·021 g per centimetre length. The rate of absorption of 59 fLmoles/hr/cm found in these experiments then becomes 2·8 fLmoles/mg/hr from a solution containing 250 m-moles glucose/I. The rates recorded by Fullerton and Parsons were 4· 4 fLmoles/mg dry weight/hr from a solution containing 246 m-moles/l and 3·1 fLmoles/mg/hr from a solution of 56 m-moles/I. The rate for this experiment was therefore a little lower but this may be because Fullerton and Parsons used a perfusing solution which 'was adjusted to about isotonicity whereas the solution used in this experiment was hypertonic and was accompanied by a net influx of water during perfusion. 1  48·7  79·2  80·9  98·4  2  74·0  83·3  84·6  81·8  3  78·3  61·1  89·7  95·0  4  75·7  47·2  86·0  93·6  5  43·3  79·2  89·1  94·1  6  65·2  78·9  87·0  93·4  7  59·8  77·5  94·1  73·5  8  58·7  74·6  86·2  95·6  9  52·8  63·4  84·7  92·5  10  77·4  72·6   -85·9   11   56·4 -
IV. DISCUSSION First, it is necessary to comment upon the rates of absorption from the small intestine as a whole. The rate of glucose absorption agrees reasonably well with those reported by Fenton (1945) and Heller (1954) who used similar concentrations and time intervals. No strictly comparable results could be found for absorption of histidine, but Hird and Sidhu (1957) have measured its rate of absorption in perfusion experiments. Their values of about 330 fLmoles/40 min/g dry weight of small intestine can be converted to llO mg/40 min assuming that approximately 80 cm of intestine are effectively involved in these experiments and that 1 cm contains O· 021 g dry weight.
This value compares favourably with that of 120 mg/40 min for normal rats shown in Table 3 . Fenton (1945) and Reynell and Spray (1956) have discussed gastric absorption of glucose. The latter found that there was some small but undetermined absorption from the stomach of the rat provided that it was not ligated at the pylorus. The results of the experiments reported here include any glucose or histidine absorbed by that organ, but as the rate of gastric emptying was the same for both normal and infested rats it is unlikely that there would be any difference in gastric absorption between the two groups.
No explanation can be offered for the fact that there was a correlation between gastric emptying and glucose absorption but not for gastric emptying and histidine absorption. It may be that the variation of gastric emptying rate between individual rats was not sufficiently great as regards histidine to indicate a relation~ ship with absorption.
It is clear that the infestation did not affect the absorption of glucose or histidine from the small intestine as a whole. On the other hand, glucose absorption from the jejunum was severely affected; in fact, it was reduced to less than a quarter of the rate per gram of dry mucosal tissue in the normal rat. It has already been explained that this expresses the rate of absorption in terms of unit functional tissue. The reduction of absorption is not quite so striking when expressed in terms of length of intestine because of the greater weight of mucosa per unit length in the infested rat (Symons 1960a). This derangement of absorption in the jejunum supports the results of the earlier experiment of Symons (1960b) when it was found that the rate of sodium efflux from the lumen is reduced to about one-third by the infestation.
At this stage it is not possible to account for the contradiction between glucose absorption from the jejunum alone and from the entire small intestine. It can be postulated that some compensatory mechanism is present, or at least that there is no derangement of the function of the non-infested parts of the small intestine. Only perfusion of these sections of the gut can settle this question.
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